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Abstract

Electronics cooling has become a key factor for improving the performance of electronic devices. An effective thermal spreader can achieve a
more uniform heat flux distribution and thus increase heat dissipation in heat sinks. Two-phase thermosyphon is highly effective thermal spreader.
In order to observe boiling and condensation phenomena, a transparent two-phase thermosyphon was prepared for observation and study. The
characteristics of phase change heat transfer were experimentally investigated. The performance of the two-phase thermosyphon with different
working fluids was measured for different heat fluxes. The experimental results show that it has the ability to level temperature and produces a very
uniform temperature distribution in the condensation surface. The impairment of cooling condition on the external side of the condensation plate
worsens the performance of the two-phase thermosyphon. Throughout the tested heat flux range in our experiment, the two-phase thermosyphon
with water as working fluid has a better performance than that with ethanol as working fluid. We also studied the ability of the grooved evaporation
surface to increase boiling heat transfer. Our experiments prove that the two-phase thermosyphon with a grooved evaporation surface has a much
better performance due to the increased heat transfer at the evaporation surface. By comparing the thermal resistance of a solid copper plate to
that of the two-phase thermosyphon, it is suggested that the critical heat flux condition should be maintained if two-phase thermosyphon is to be
used as efficient thermal spreaders for electronics cooling.
© 2007 Elsevier Masson SAS. All rights reserved.
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1. Introduction

The technology of electronics cooling has become a key fac-
tor for further improvement of the performance of various elec-
tronic devices, especially microcomputers. Electronic devices
usually dissipate very high heat fluxes. In order to dissipate heat
efficiently, the heat sink is generally much larger than the heat
source. So a spreader is usually placed between the heat source
and the heat sink to level the heat flux distribution. The spread-
ing resistance from the heat source to the heat sink is one major
component of the total thermal resistance of cooling devices.
The traditional spreader is a solid copper plate. Obviously the
spreading resistance of this kind of spreader can be reduced by
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increasing plate thickness or improving the thermal conductiv-
ity of the plate. But materials with high thermal conductivity
are usually quite expensive. An increase in plate thickness will
also increase the weight of the spreader. So the performance of
the traditional solid copper plate spreader is limited, especially
at the large area of heat sink base and heating power.

Two-phase thermosyphon can achieve more uniform heat
flux distribution, that is, by means of them a more uniform
heat flux distribution can be obtained. These devices have a
very high thermal conductance. A two-phase thermosyphon
spreader is a kind of thermosyphon with special arrangement.
Compared to the conventional thermosyphon, the evaporator
and condenser sections are the opposite sides of it. The vapor
channel is a very narrow space between the evaporation and the
condensation surfaces. The working fluid boils at the evapora-
tion surface and the generated vapor flows to and condensates
on the condensation surface. In this way the heat can be trans-
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Nomenclature

Rs spreading resistance of solid copper plate . . K/W
Rf spreading resistance of two-phase

thermosyphon . . . . . . . . . . . . . . . . . . . . . . . . . . . K/W
R0 external resistance . . . . . . . . . . . . . . . . . . . . . . . K/W
Q heating power . . . . . . . . . . . . . . . . . . . . . . . . . . . . . W
q heating heat flux . . . . . . . . . . . . . . . . . . . . . . . W/m2

Tmax maximal temperature of spreader . . . . . . . . . . . . . K
Tc center temperature of condensation surface . . . . K
Te center temperature of evaporation surface . . . . . K

Tr room temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . K
Ap plate area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . m2

As heat source area . . . . . . . . . . . . . . . . . . . . . . . . . . . m2

k thermal conductivity . . . . . . . . . . . . . . . . . W/(m K)
t plate thickness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . m
d diameter of the heat source . . . . . . . . . . . . . . . . . . m
D diameter of the thermal spreader . . . . . . . . . . . . . m
T top average temperature of top surface . . . . . . . . . . . K
ferred from the evaporator to the condenser. It is called “vapor
chamber” or “flat plate heat pipe” in some other papers. By
using a two-phase thermosyphon a nearly isothermal cooling
surface can be obtained. A uniform temperature and thus a uni-
form heat flux distribution on the cooling surface also means a
more effective heat dissipation from electronic devices, accord-
ing to heat transfer theory.

McCreery [1] presented the design, construction and exper-
imental results of a novel heat pipe. The apparatus is designed
to enable the visual and photographic study of liquid flow and
vapor formation within a flat heat pipe. Vafai and Wang [2]
investigated the operation and overall performance of an asym-
metrical rectangular flat plate heat pipe. Avenas et al. [3,4]
carried out an analysis of the thermal resistance of a flat plate
heat pipe. They compared the sintered wick with the grooved
wick. Yasushi et al. [5] carried out a numerical analysis of a flat
plate heat pipe with wick sheets and a wick column. From the
numerical results, the capillary pressure head necessary for the
working fluid to circulate is estimated and the temperature drop
inside the vapor chamber is determined. Experimental research
was also carried out. S.-W. Chen et al. [6] performed the exper-
imental investigation and visualization of capillary and boiling
limits of micro-grooves. Most of the previous work mainly paid
attention to the performance of a two-phase thermosyphon for
in different heat fluxes. The influence of the cooling condition
on the condensation plate to the performance was not consid-
ered. Especially its inner pressure for different working fluids is
not reported. The micro-grooves can enhance the performance
of a two-phase thermosyphon, so it is essential to perform the
experimental investigation of it with grooved structure. The
two-phase thermosyphon spreader should be applied when a
large base section of heat sink and a high heating power are
involved. The critical heat flux condition which should be main-
tained to use it as an efficient thermal spreader is not studied in
the previous work.

In order to study the thermal performance characteristics of
a two-phase thermosyphon, we manufactured a transparent one
for an observation study. There is no capillary structure between
the evaporation and condensation surfaces, so that we can ob-
serve the phase change phenomena in it. The effects of power
input, convection conditions and different working fluids on the
performance of the two-phase thermosyphon were studied. The
research was also carried out on the effect of grooved surface
on increasing boiling heat transfer. By comparing the thermal
resistance of a solid copper plate to that of the two-phase ther-
mosyphon, it is suggested that the critical heat flux condition
should be maintained to use it as an efficient thermal.spreader
for electronics cooling.

2. Experimental setup and procedures

The apparatus used in this study include a blower, a data ac-
quisition/switch unit, T-type thermocouples, an anemoscope, a
transformer, a heating unit and a PC. Fig. 1 shows an outline
of the experimental arrangement. To cool the two-phase ther-
mosyphon, air is blown vertically onto its cooling surface. The
air velocity is measured by the anemoscope. The heating heat
flux is supplied by the heating unit. Adjusting the output volt-
age of the transformer can change the input power of the heating
unit. Temperatures are measured by T-type thermocouples and
collected through a data acquisition system. Fig. 2 shows the
structure of the heating unit. The heating unit is a copper rod
with four electrical rod heaters.

The rod diameter at the base is 60 mm and at the upper part
the diameter is reduced to 30 mm to obtain a high enough heat-
ing heat flux for the two-phase thermosyphon. The copper rod is
insulated and small insulating cushions are placed between the
copper rod and the supporting framework to reduce heat losses.
In order to reduce the contact resistance between the heating
unit and the two-phase thermosyphon, high conductivity grease
was applied to their contact surface. Tightening screws were

Fig. 1. Experimental system: 1, blower; 2, anemoscope; 3, flat plate heat pipe;
4, PC; 5, data acquisition/switch unit; 6, transformer; 7, heating unit.
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Fig. 2. Heating unit.

Fig. 3. Transparent two-phase thermosyphon.
also used to improve the contact between the two-phase ther-
mosyphon and the heating unit. Points 1! to 4! are the locations
of the thermocouples used to measure the temperature distribu-
tion in the copper rod. There are 12 thermocouples are inserted
in the copper rod to measure the temperature distribution in it.
Three thermocouples are used to measure the temperature at
each point. The locations of the thermocouples are shown in
Fig. 2. Then the temperatures of points 1! to 4! are the aver-
age of temperature values of three thermocouples. The insertion
holes the thermocouples are 15 mm in depth and 1 mm in di-
ameter. The 4 points at the axes of copper rod are located at 2,
17, 32 and 47 mm from the top surface of the copper rod, re-
spectively. The steady state temperature distribution along the
axial direction is thus obtained and thereafter used to calculate
the temperature gradient.

Fig. 3 shows the structure of the transparent two-phase ther-
mosyphon for observation study. In order to measure the tem-
perature distribution of the evaporation and the condensation
surfaces, 3 small holes were drilled into the bottom and top
plates in order to insert 3 thermocouples. The locations of these
3 thermocouples ( 5!, 6! and 7!) are the center of the evapora-
tion surface, a point 5 mm away from the edge of the conden-
sation surface and the center of condensation surface.

The measure equipments in our experiment include anemo-
scope, pressure transducer and thermocouples. The uncertain-
ties of the experimental results mainly depend on the precisions
of these equipments. The precision of anemoscope is 5% and
the precision of pressure transducer is 0.25% which had been
determined by producers. Before experiment, all of the thermo-
couples have been measured with standard thermometer. After
the calibration of thermocouples, the precision of thermocouple
is 0.2%. In our experiment, we inserted these thermocouples
into the small holes to measure the temperatures. The mea-
sure errors are caused by the contact thermal resistance. To
reduce contact resistance and temperature measurement errors,
high conductivity grease was applied into these holes. In our
experimental rig, the heating power of heating surface is not
equal to the heating power of electrical rod heaters in heat-
ing unit. A part of heat will be dissipated from the walls of
the heating unit, though we have placed small insulating cush-
ions between the copper rod and the supporting framework
to reduce heat losses. Therefore, we use 12 thermocouples to
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Fig. 4. Two-phase thermosyphon for observation study.
measure the temperatures of 4 points on the axis of copper
rod. Every three thermocouples measure the temperature at one
point to reduce the measure error. Then the heat flux of the
heating unit is deduced from Fourier’s law of heat conduc-
tion.

The side wall of the transparent two-phase thermosyphon
is made of quartz glass. Its height, diameter and thickness are
13, 80 and 5 mm, respectively. The top and the bottom plates
which act as condensation and evaporation surfaces are made
of brass and both have a thickness of 3 mm and a diame-
ter of 100 mm. 8 bolts were used to fasten the side wall and
the top and bottom plates together in order to construct the
two-phase thermosyphon. Sealing gaskets were used between
the side wall and the top/bottom plates to achieve the seal-
ing requirement. Both the grooved and the un-grooved plates
were used for the evaporation and condensation surface. The
grooves on the grooved surface are 0.2 mm in width and 1
mm in depth. The grooves radiate from the center of the evap-
oration surface and the angle between neighboring grooves is
5◦, as shown in Fig. 4. The grooved structure can enhance
the boiling heat transfer performance of the evaporation sur-
face and besides the micro-grooves can transport liquid from
the peripheral region of the evaporation surface to heated re-
gion.

Before filling the two-phase thermosyphon, it must be
weighed. Then a vacuum pump is used to bring the two-phase
thermosyphon to vacuum condition and the working fluid is
filled into it. The filling amount is a little bit over the expected
value. After that, the two-phase thermosyphon is vacuumized
again. But this time, it is heated by hot water during the vac-
uumizing process in order to extract as much residual air as
possible and also to assure the two-phase thermosyphon is full
of vapor of the working fluid. At this moment the pressure
transducer indicates that the pressure value in the two-phase
thermosyphon is 30 Pa. After the weight of the two-phase
thermosyphon reaches the expected value, the vacuum valve
is closed to keep the vacuum condition. To test its tightness,
the two-phase thermosyphon is left in room conditions for 24
hours, and if the pressure of the two-phase thermosyphon as
measured by the pressure transducer then is equal to the sat-
urated pressure of the room temperature then we say that the
sealing can maintain the vacuum condition for the experimen-
tal time. Otherwise the two-phase thermosyphon is brought to
vacuum condition again.
3. Results and discussion

3.1. Effect of heating heat flux

Fig. 5 shows the steady-state temperature distributions of the
transparent two-phase thermosyphon with the grooved evapora-
tion surface. The working fluid is water and the filling amount
of working fluid is 20.5 g. The room air temperature is 19 ◦C
and the velocity of the air that flows on the cooling surface of
the two-phase thermosyphon is 9.7 m/s. Due to the small heat
transfer coefficient of the side wall and the low thermal conduc-
tivity of quartz as compared to brass, the heat dissipated from
the sidewall is neglected. The intensity of boiling heat trans-
fer depends on the heat flux if it is lower than the two-phase
thermosyphon heat transfer limit. Observation shows that heat
transfer on the heated part of the evaporation surface is evapo-
ration when the heating heat flux is small. However, as the heat
flux increases, nucleate boiling finally takes place and domi-
nates the phase change heat transfer process.

To study thermal response characteristics of the two-phase
thermosyphon, temperature responses are measured in the two-
phase thermosyphon, Fig. 6 depicts its temperature responses
with a grooved evaporation surface for different heat fluxes. In
Figs. 5 and 6, we can see that the time for the spreader to acquire
its steady-state decreases with the heating heat flux, but the
steady-state temperature of the different positions of the two-
phase thermosyphon increases with the heating heat flux. The
temperature difference between evaporation and condensation

Fig. 5. Steady state temperature of the two-phase thermosyphon with grooved
evaporation surface versus heating heat fluxes.
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surfaces also increases with the heating heat flux. This is the
temperature difference needed to enable boiling and condensa-
tion inside the two-phase thermosyphon. Experimental results
show that it has a good performance regarding temperature lev-
eling, that is, keeping a uniform temperature distribution on the
condensation surface. As we can see, even at the highest heating
heat flux within the range of heat fluxes in our experiment, the
temperature difference between points 6! and 7! is only 1.3 ◦C.
We also did experiment with a brass plate that had the same
thickness and shape as the two-phase thermosyphon spreader.
The results show that the temperature difference between points
6! and 7! of the brass plate is 6.1 ◦C for the same heating heat

flux. So our experimental results verify the good performance
of the two-phase thermosyphon for temperature leveling.

The overall thermal resistance was calculated from the mea-
sured temperature difference between the evaporation and con-
densation surfaces and the heat flux of the heating surface. The
results are listed in Table 1. As it is easily understood, smaller
thermal resistance means a better performance of the two-phase
thermosyphon. From Table 1, we can see that the thermal re-
sistance decreases with the heating heat flux increase, which
means that the performance of it improves as the heating heat
flux increases. This is due to the fact that boiling and conden-
sation inside the two-phase thermosyphon gradually dominates
the process as the heat flux increases, which also indicates that
the thermal resistances of the evaporation and condensation sur-
faces are the main factors that influence the performance of a
two-phase thermosyphon.

The startup performance of the two-phase thermosyphon is
also recorded. Fig. 6 shows its transient temperature response
with a grooved structure for different heating heat fluxes. Fig. 7
presents the transient pressure response inside the two-phase
thermosyphon. We observed that during the starting period, the
boiling on the evaporation surface becomes increasingly intense

Fig. 6. Temperature responses of the two-phase thermosyphon with grooved
evaporation surface.

Table 1
Thermal resistances under different heating heat fluxes

Heating heat flux, 105 W/m2 0.071 0.25 0.43 0.59 0.76 0.99
Thermal resistance, 10−4 K m2/W 5.2 2.4 1.3 1.1 0.96 0.85
as time goes by, and finally a large number of bubbles appear
on the central region of the evaporation surface in what is a
typical phenomenon of nucleate boiling. In Figs. 6 and 7, it is
possible to see that both the temperature and the pressure of
the two-phase thermosyphon increase with time. Since the two-
phase thermosyphon subjected to vacuum before the working
fluid was introduced in it, the working fluid vapor inside it was
always in saturated state. During the startup stage, the heating
heat flux at the evaporation surface is larger than the cooling
heat flux at the condensation surface, and then the temperature
and thus the pressure increase with time. After some time, these
two heat fluxes become equal and the two-phase thermosyphon
reaches its steady state. Its pressure fluctuations are the result
of the growth and destruction of the vapor bubbles.

3.2. Influence of air velocity

The heat provided by the heating unit is eventually dissi-
pated into the surrounding air by the cooling surface of the top
plate. Therefore the heat transfer of the cooling surface should
have a very strong effect on the performance of the two-phase
thermosyphon. Fig. 8 depicts its steady-state temperature with a
grooved evaporation surface and at different air velocities. The
air temperature is 19 ◦C and the working fluid amount is 20.5 g.

Fig. 7. Pressure response of the two-phase thermosyphon with a grooved evap-
oration surface.

Fig. 8. Influence of air velocity on the steady-state temperature of the two-phase
thermosyphon with a grooved evaporation surface.
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Fig. 9. Temperature responses of the ethanol and water two-phase thermosyphon.
Fig. 10. Transient pressure responses of the ethanol and water two-phase ther-
mosyphon.

The temperature distribution on the condensation surface is not
uniform when the air velocity decreases, but the temperature
difference between the centers of the evaporation and conden-
sation surfaces is nearly constant except for experimental im-
precision. As mentioned earlier, the two-phase thermosyphon
is cooled by an impinging air jet. The air velocity therefore re-
flects the heat transfer intensity on the cooling surface of the
top plate, the larger the speed is, the stronger the heat transfer.
The improved heat transfer condition on the cooling surface of
the top plate causes the temperature of the condensation sur-
face to be lower. This certainly enhances the condensation on
the surface.

3.3. Effects of working fluid

In order to investigate the effects of working fluids on the
performance of the two-phase thermosyphon, we tested its per-
formances using ethanol and water as the working fluids, re-
spectively. The amount of working fluid is 20.5 g and the air
temperature and velocity are all kept at 19 ◦C and 9.7 m/s re-
spectively. Figs. 9 and 10 show the transient temperature and
pressure responses of the two-phase thermosyphon filled with
different working fluids and with a grooved evaporation sur-
face. The phase change heat transfer of water is more efficient
than that of ethanol. So from Fig. 9, we can see that the tem-
perature difference between the evaporation and condensation
surfaces of the ethanol two-phase thermosyphon is larger than
that of the water two-phase thermosyphon for the same heating
heat flux. This means that the thermal resistance of the ethanol
two-phase thermosyphon is larger than that of the water two-
phase thermosyphon. Within the range of the tested heating heat
fluxes, the performance of the ethanol two-phase thermosyphon
is poorer than the one of the water two-phase thermosyphon.
The saturation pressure of ethanol is higher than that of water
at a given temperature. That is why the pressure of the ethanol
two-phase thermosyphon is higher than that of the water two-
phase thermosyphon for the same heating heat flux, as shown
in Fig. 10.

3.4. The smooth and grooved evaporation surface

Boiling and condensation take place simultaneously inside
the two-phase thermosyphon in a narrow space. Therefore its
performance depends on the boiling and condensation inten-
sities and on the circulation of the working fluid. A grooved
surface is used for the evaporation surface in order to enhance
the boiling heat transfer and working fluid circulation.

Fig. 11 shows the boiling phenomenon of the water two-
phase thermosyphon with smooth and grooved evaporation sur-
faces. The experimental conditions are: heating heat flux is
0.76 × 105 W/m2, air jet velocity is 9.7 m/s and air temper-
ature is 19 ◦C. From this figure, we can see that the bubbles
formed on the grooved surface are smaller in size and larger in
number than those on the smooth surface. The bubbles depart
more frequently from the grooved surface than from the smooth
surface.

Fig. 12 shows the transient temperature response of the two-
phase thermosyphon for different surfaces. In this figure, we
see that the temperature difference between the evaporation and
condensation surfaces of the two-phase thermosyphon with the
grooved evaporation surface is generally smaller than that with
the smooth evaporation surface. The grooved surface has more
boiling nuclei than the smooth surface; hence the bubbles are
more easily formed on the grooved surface. This proves that
the phase change heat transfer of the grooved surface is greater
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Fig. 11. Comparison of the vapor bubbles formed in the smooth and grooved thermosyphon spreaders.

Fig. 12. Temperature responses of the two-phase thermosyphon with different evaporation surfaces.
and working fluid circulation is better. For the steady state, we
can see that the temperatures of the condensation surfaces are
almost same for these two kinds of two-phase thermosyphons.
So if we can increase the phase change heat transfer and de-
crease the temperature difference between the evaporation and
condensation surfaces, the temperature of the heat source will
also be smaller at the steady state. This again tells us that ensur-
ing that the working fluid on the evaporation surface at fully
boiling state is critical for the two-phase thermosyphon per-
formance and enhancing this boiling heat transfer is the most
efficient way to improve it. At higher heat fluxes, the tempera-
ture of the evaporation surface of the two-phase thermosyphon
with a smooth evaporation surface shows significant fluctua-
tions. This phenomenon results from the fact that the bubbles
are large and the departure frequency is small.

4. Analysis of the thermal resistance of the spreader

In order to dissipate more heat from electronic devices into
the ambient, heat sinks are generally much larger than heat
sources. Due to this, a spreader is usually placed between the
heat source and the heat sink to level the heat flux distribution.
The traditional spreader is a solid copper plate. But the thermal
spreading performance of a solid copper plate deteriorates for
increasing heat fluxes and larger base section of the heat sink.
Therefore, it is important to study the minimal heat flux be-
yond which it is necessary to use the two-phase thermosyphon
spreader.

The solid copper plate spreader is supposed to be a disk-
shaped flat plate and the heat source is under the center of the
spreader. The spreading resistance Rs is used to model how heat
flows out from a narrow region into a larger cross section re-
gion. It can be defined as follows:

Rs = Tmax − T top

Q
(1)

Where Tmax is the maximal temperature in the spreader
which is usually at the center of the plate bottom surface. T top is
the average temperature of the spreader top surface. This defini-
tion can also be used for the two-phase thermosyphon. Seri Lee
and Seaho Song et al. [7,8] used the method of separation of
variables to solve the energy equation in a two-dimensional co-
ordinate system. They presented the simple approximation for
the dimensional spreading resistance. The dimensional equa-
tion can be written as follows.

Rs =
√

Ap − √
As

k
√

πApAs

× λkApR0 + tanh(λt)

1 + λkApR0 tanh(λt)
(2)

where

λ = π3/2

√
AP

+ 1√
As

(3)

As reported by Song et al., the above correlations agree
with the present analytical solutions well within 10% over the
range of parameters commonly found in microelectronics ap-
plications. Form Eqs. (2) and (3), we can see that the spreading
resistance can be determined from the heat source area As , plate
area Ap , plate thickness t , thermal constriction k and external
resistance R0.

R0 can be defined as follows:

R0 = T top − Tr
(4)
Q
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Fig. 13. Steady state temperature of the two-phase thermosyphon.

Where T top is the average temperature of the top surface and
Tamb is the air temperature. In order to obtain the thermal resis-
tance of the grooved two-phase thermosyphon for high heat flux
level, we changed the diameter of the heat source to 20 mm and
manufactured a new grooved two-phase thermosyphon on the
cooling surface of which can be installed a heat sink to improve
cooling conditions. Thermocouple positions are the same as the
transparent two-phase thermosyphon shown in Fig. 3. Fig. 13
shows the steady state temperature of this new grooved two-
phase thermosyphon for a larger range of tested heat fluxes.
When we use the same definition with a solid copper plate
to calculate the spreading thermal resistance of the two-phase
thermosyphon, the average temperature T top of the top surface
can be replaced by the center temperature Tc of the condensa-
tion surface because of temperature uniformity in the conden-
sation surface. Besides, the maximal temperature Tmax can be
replaced by the center temperature of evaporation surface Te.
The spreading resistance of the two-phase thermosyphon can
be defined as follow.

Rf = Tmax − T top

Q
= Te − Tc

Q
(5)

So we can use Eqs. (2) and (3) to calculate the thermal
spreading resistance of a solid copper plate and compare it to
the experimental results for the two-phase thermosyphon. The
thermal resistance of the solid copper plate does not change
along with the heating heat flux. We are also supposing that the
thermal resistance of two-phase thermosyphon does not depend
on the thickness within the tested range.

Fig. 14 shows the spreading resistance ratio of the two-phase
thermosyphon to the solid copper plate. When the spreading re-
sistance ratios are greater than 1, the two-phase thermosyphon
has a worse performance than the solid copper plate. From this
figure, we can see that the ratio increases with the thickness and
decreases with the heating power and the area of the spreader.
So the two-phase thermosyphon should be applied when large
base sections of heat sinks and high heating power are involved.
For example, if R0 is 0.127 K/W, d is 0.02 m, t is 0.005 m
and D is 0.1 m, the flat plate heat spreader should be applied
when the heating power is over 60 W. We know that we can re-
duce the spreading resistance of a solid copper plate spreader
Fig. 14. Spreading resistance ratio of two-phase thermosyphon to solid copper
plate.

by increasing plate thickness. So the two-phase thermosyphon
spreader should be manufactured for small thicknesses, other-
wise, it will present worse spreading performance than the solid
copper plate in of equal dimensions. In Fig. 14, we can see that
when R0 is 0.127 K/W, d is 0.02 m and D is 0.1 m, if thick-
ness is increased from 0.005 to 0.01 m, the ratio will be greater
than 1 throughout the tested range.

5. Conclusions

Transparent two-phase thermosyphons with grooved/un-
grooved evaporation surfaces were manufactured as a part
of our work for observation study. Thermal behavior and
thermal resistance were experimentally studied and the boil-
ing/condensation phenomena were observed. From the experi-
mental results and the above discussions, it is possible to draw
the following conclusions: (1) The two-phase thermosyphon
shows a very good performance regarding temperature lev-
eling in the condensation surface. (2) Heat transfer on the
cooling surface has a very strong influence on the perfor-
mance of the two-phase thermosyphon. The temperature dis-
tribution on the condensation surface is not uniform when the
air velocity decreases. (3) Within the range of the tested heat
fluxes, the water two-phase thermosyphon has a better perfor-
mance than the ethanol two-phase thermosyphon. (4) Experi-
mental results prove that the two-phase thermosyphon with a
grooved evaporation surface has a much better performance.
The grooved surface can increase the boiling heat transfer in
the two-phase thermosyphon. (5) The thermal resistances of
the evaporation and condensation surfaces are the main fac-
tors that influence the two-phase thermosyphon performance;
ensuring that the working fluid at the evaporation surface is
fully at boiling state is vital to the two-phase thermosyphon;
enhancing this boiling heat transfer is the most efficient way
to improve its performance. (6) The two-phase thermosyphon
should be applied for large base sections of heat sinks and
high heating powers. When R0 is 0.127 K/W, d is 0.02 m,
t is 0.005 m and D is 0.1 m, the flat plate heat spreader
should be applied when the heating power is over 60 W. And
also the two-phase thermosyphon spreader should be manu-
factured in small thicknesses. When R0 is 0.127 K/W, d is
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0.02 m and D is 0.1 m, if the thickness is increased from
0.005 to 0.01 m, the ratio will greater than 1 for all the tested
range.
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